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(54) APPARATUS AND METHOD FOR OPTICAL SHAPING 

(57)Abstract: 



PROBLEM TO BE SOLVED: To realize an optical 
shaping with high degree of freedoms of shaping, a high 
accuracy and a high speed in a non-laminate by a 
surface exposure by using a liquid crystal mask and a 
visible light. 

SOLUTION: As a light source 1, an Ar+ laser is used. A 
beam size of a light is enlarged by a collimator 2 as an 
incident light. An incident light having a uniform intensity 
distribution via a 1 /4 wavelength late 3 and a 1 /2 
wavelength plate 4 is transmitted through a liquid crystal 
mask 5, and then a noise such as a primarily diffracted 
light or the like is removed by a spatial frequency filter 7 
via a lens 6. A liquid crystal image is contracted and 
focused on a base plate 81 by an operation of a 
contraction optical system by the lens 6 or the like. A 
visible light curable resin is disposed as an object 10 to 
be a stereo lithography on the plate 81, and a material is 
cured in a non-deposit layer. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The light source which outputs the light for molding a molding object, and the liquid 
crystal mask section by which the transmitted light or the reflected light is controlled by two- 
dimensional information and gradation information, A control section which gives two-dimensional 
information and gradation information to the liquid crystal mask section, and sets a three- 
dimension configuration of a molding object as it, The Mitsuzo form equipment which formed a 
three-dimension configuration when a preparation and the light from said light source penetrate 
or reflected said liquid crystal mask section controlled by said control section and were 
irradiated by molding object. 

[Claim 2] The Mitsuzo form equipment according to claim 1 which adjusted light by which is 
further equipped with a collimator which extends a beam diameter of light from said light source, 
a quarter-wave length board which changes light of the circular polarization of light into the 
linearly polarized light, and 1/2 wavelength plate into which the polarization direction of light 
changed into the linearly polarized light is changed, and incidence is carried out to said liquid 
crystal mask section. 

[Claim 3] The Mitsuzo form equipment according to claim 1 or 2 further equipped with a spatial 
filter which cuts the diffracted lights other than zero-order light about light which penetrated or 
reflected said liquid crystal mask section. 

[Claim 4] a molding object — a photoresist — **** — the Mitsuzo form equipment according to 
claim 1 to 3 characterized by things. 

[Claim 5] Said liquid crystal mask section is Mitsuzo form equipment [ equipped with a liquid 
crystal panel into which an information signal from said control section is inputted, the 1 st 
polarizer which cuts a nonlinear polarization component of light which carries out incidence to 
said liquid crystal panel, and the 2nd polarizer which adjusts luminous intensity from said liquid 
crystal panel ] according to claim 1 to 4. 

[Claim 6] the liquid crystal mask section — two-dimensional information and gradation 
information — giving — a three-dimension molding configuration of a molding object — setting 
up — the light from the light source — a predetermined beam diameter — and uniform or 
abbreviation — a Mitsuzo form method which formed a three-dimension configuration by 
adjusting to light with uniform intensity distribution, making the liquid crystal mask section 
penetrate adjusted light, or reflecting it in the liquid crystal mask section, and irradiating a 
molding object. 

[Claim 7] A Mitsuzo form method according to claim 6 make pass a spatial filter for light which 
penetrated or reflected the liquid crystal mask section further, and it was made to irradiate a 
molding object. 



[Translation done.] 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to Mitsuzo form equipment 
and the Mitsuzo form method, especially, using the light light source and a liquid crystal panel, by 
the non-laminating and one, carries out the Mitsuzo form of the three-dimension configuration of 
a molding object (for example, resin), and carries out Mitsuzo form equipment and Mitsuzo form 
method Seki. 
[0002] 

[Description of the Prior Art] The Mitsuzo form technology is widely used in fields, such as 
medicine, a prototype of the product in the field of industrial, or a part shape, and short form 
creation for small-scale production, and the expectation for high-degree-of-accuracy-izing or 
expansion of Field of application has been growing. Moreover, since the Mitsuzo form technology 
is technology used in various fields, it becomes various [ the configuration of the target 
manufacture object, a size, and the quality of the material ]. 

[0003] Moreover, generally in new product development, such as an industrial product, 
compaction of a lead time is important. To usually design a product and its component by CAD, 
and to create a prototype early correctly in a development phase is desired. Before, the rapid 
prototyping by the laminating molding method has accomplished the advance besides the 
technology which cuts a product or components directly by processing by the NC machine tool 
based on three-dimensional-CAD data. 

[0004] There are the methods of varieties, such as a photo-curing resin method (Mitsuzo form 
method), a strenuous-exertions laser beam (heat curing) sintering process, the ink jet-nozzle 
depositing method, the extrusion depositing method, and the method of carrying out the 
laminating of the cut sheet, in the laminating molding method. Any method accumulates two or 
more layers for three-dimensional-CAD data as data of the shape of a two-dimensional sheet, in 
order to acquire a desired three-dimension configuration. Especially, by the photo-curing resin 
method, two-dimensional slice data is created from three-dimensional-CAD data, the resin top 
as a molding object is scanned for a laser beam by two-dimensional, and it molds by stiffening 
resin. 
[0005] 

[Problem(s) to be Solved by the Invention] However, by the conventional laminating molding 
method, in order to improve the dimensional accuracy of a desired molding article, it is necessary 
to increase the number of layers, and production time and cost will increase. Moreover, since 
hardening of resin is sequential hardening, the contraction at the time of being hardening may 
drop precision. Furthermore, support is arranged into a portion which appears on complicated 
structure and the complicated air, and the production process which removes it after processing 
is needed for it. 

[0006] Moreover, although the Mitsuzo form method by the package side exposure which used 
the liquid crystal panel for compaction of the processing time and a production process is 
proposed, since it is necessary to use ultraviolet rays, liquid crystal may be damaged or 
destroyed. Moreover, by this Mitsuzo form method, the diffracted light and the scattered light 
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occur, image formation becomes indistinct, and the dimensional accuracy of a molding object is 
not good. 

[0007] This invention aims at offering the Mitsuzo form equipment and the Mitsuzo form method 
of covering from molding of the small configuration of precision components, the product for 
micro-machining or components, etc., etc., and a medium size configuration to molding of a micro 
configuration in view of the above point. 

[0008] This invention aims at realizing molding in the non-laminating by field exposure at high 
molding flexibility, high degree of accuracy, and a high speed using a liquid crystal mask and the 
light. This invention is controlling the molding depth by liquid crystal display gradation, and aims 
at making intensity modulation of an exposure image easy. 

[0009] Moreover, this invention is making creation of molding data easy and enabling creation of 
two or more components of a different configuration at coincidence, and aims at offering the 
Mitsuzo form equipment suitable for limited production with a wide variety, and the Mitsuzo form 
method. 
[0010] 

[Means for Solving the Problem] Since a liquid crystal display can display an image of arbitration, 
creation can use it as a difficult adjustable mask conventionally. It is the main features of a liquid 
crystal Mitsuzo form method of this invention to perform package side exposure and to perform 
molding which does not include a production process of a beam scan using this liquid crystal 
mask. Since a production process which makes a field from a point by scan is not included, 
compaction and high-degree-of-accuracy-izing of molding time amount can be attained. 
Moreover, since liquid crystal can change reinforcement of the transmitted light with shade 
displays, it can create a solid configuration collectively from an image which had the three- 
dimensions information which added information on the strength in a 2-dimensional image. A 
point which does not need a process indispensable to an escape to a three dimension from two- 
dimensional [ which is called a laminating ] at this point differs from the conventional technique 
greatly. Since handling of an image is still easier, new directions, such as carrying out expansion 
reconstruction of the configuration from three-dimensions measurement data, such as AFM, are 
also considered. 

[001 1] Moreover, heat may occur by light absorption and an optical exposure of noises, such as 
the primary diffracted light produced from diffraction with liquid crystal, and liquid crystal. In this 
invention, in order to control or prevent this, the light light source and light sensitization resin 
are used, and also measures, such as removal of the primary diffracted light by spatial filter, are 
taken. 

[0012] The light source which outputs the light for molding a molding object according to the 1st 
solution means of this invention, The liquid crystal mask section by which the transmitted light or 
the reflected light is controlled by two-dimensional information and gradation information, A 
control section which gives two-dimensional information and gradation information to the liquid 
crystal mask section, and sets a three-dimension configuration of a molding object as it, A 
preparation and the light from said light source penetrate or reflect said liquid crystal mask 
section controlled by said control section, and when a molding object glares, they offer the 
Mitsuzo form equipment in which a three-dimension configuration was formed. 
[0013] According to the 2nd solution means of this invention, two-dimensional information and 
gradation information are given to the liquid crystal mask section. It adjusts to light with uniform 
intensity distribution, a three-dimension molding configuration of a molding object — setting up - 
- the light from the light source — a predetermined beam diameter — and uniform or 
abbreviation — A Mitsuzo form method in which a three-dimension configuration was formed is 
offered by making the liquid crystal mask section penetrate adjusted light, or reflecting it in the 
liquid crystal mask section, and irradiating a molding object. 
[0014] 

[Embodiment of the Invention] The block diagram of the Mitsuzo form equipment of this 
invention is shown in drawing 1 . this — Mitsuzo — a form — equipment — the light source — 
one — a collimator — the section — two — quarter-wave length — a board — three — one — 
/ — two — a wavelength plate — four — liquid crystal — a mask — the section — five — a 
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lens — six — a pinhole — seven — X - a Z stage — eight — a control section — ( — PC — ) - 
- nine — having . 

[0015] The light sources 1 are various laser which generates the light. With the gestalt of this 
operation, since high power s being obtained and the light (for example, wavelength of 488nm) are 
generated for example, and damage is not done to liquid crystal (damage may be done to liquid 
crystal in ultraviolet radiation), Ar+ laser of the source of the light is used. An objective lens 21, 
a pinhole 22, and lens 23 grade combine the collimator section 2, and it is constituted. The 
collimator section 2 extends the beam diameter from the light source 1, and enables it to 
irradiate the LCD52 whole or a large area. Moreover, as for the collimator section 2, the duty 
equalized over the whole has also achieved optical reinforcement. The quarter-wave length 
board 3 changes the light of the circular polarization of light into the linearly polarized light, and 
the loss of the beam energy in the polarizer (z) before LCD52 is reduced. 1/2 wavelength plate 4 
changes the polarization direction of the light changed into the linearly polarized light, and 
changes it in the direction which can acquire the optimal contrast to LCD52. 

[0016] liquid crystal — a mask — the section — five — a polarizer — ( — z — ) — 51 — a liquid 
crystal panel (LCD) — 52 — and — a polarizer — ( — z — ) — 53 — having . A polarizer (z) 51 
cuts the light of the nonlinear polarization component before carrying out incidence to LCD52, 
and raises the contrast of an image. LCD52 gives image information to the light by which 
changed the image which has TFT liquid crystal and was outputted from PC9 by which direct 
continuation was carried out, and uniform lighting was carried out in the polarization direction for 
every pixel according to the display and the display image as an angle of rotation of polarization. 
The image displayed on LCD52 because a polarizer (y) 53 passes this polarizer is changed as a 
shade of light. The luminous intensity corresponding to the pixel is determined by rotation of the 
polarization for every pixel of LCD52. 

[0017] A control section (PC) 9 gives two-dimensional information and gradation information to 
LCD52 of the liquid crystal mask section 5, and sets the three-dimension molding configuration 
of a molding object as it. For example, based on the three-dimensional-CAD data of a molding 
object, two-dimensional slice data is created and it changes into the gradation data of LCD52 as 
data of the lengthwise direction. By carrying out image formation of the light which passed 
LCD52 to the molding object 10, a molding object will be substantially created for the exposure 
using two or more slice data by field exposure once. 

[0018] The current zoom lens is used for the lens 6, and it can change contraction and 
magnifying power of an image. With this lens 6, image formation of the image displayed by LCD52 
on the molding object 10 is carried out. In addition, in order to adjust the direction of light, a 
mirror 61 can be formed suitably. A pinhole can be used for a spatial filter 7. A spatial filter 7 
cuts the diffracted light except the zero-order origin produced by LCD52. This prevents 
deterioration of the image by interference of the light in an image formation location. That is, 
although zero-order light goes straight on, since the other diffracted light progresses in the 
direction with which Bragg conditions are filled, it arranges a spatial filter 7 (pinhole) in the 
location which passes a lens and light condenses, and mainly passes only zero-order light. 
Moreover, it is removable similarly about the light after the secondary diffracted light with a 
spatial filter 7. In addition, since reinforcement becomes weak about the diffracted light after 
secondary, what is actually influenced is mainly the primary diffracted light. 
[0019] X-Z stage 8 arranges the location of the molding object 10 correctly with a lens to the 
field as for which an image carries out image formation. A base plate 81 actually arranges the 
molding object 10. Since light hits from a lower part, it is transparent and boards, such as glass 
with thin thickness and plastics, are used. In addition, cover glass with a thickness of 150 
micrometers was used as an example here. The molding object 10 has a photoresist used. Here, 
as an example, the photoresist prepared specially is used so that it may have sensitivity in the 
light, and the peak sensitivity is adjusted near 488nm. The proper material which can be molded 
not only according to this but according to the light source 1 can be used for the molding object 
10. 

[0020] Below, actuation of the Mitsuzo form equipment of this invention and a method is 
explained. In this example, Ar»- laser (lambda= 488nm) is used for the light source, and by the 
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collimator section 2, a beam diameter is expanded and it considers as incident light. The incident 
light which has uniform intensity distribution through the quarter-wave length board 3 and 1/2 
wavelength plate 4 has noises, such as the primary diffracted light, removed by the spatial filter 
7 through a lens 6, after penetrating the liquid crystal mask section 5. That of the contraction 
optical system by lens 6 grade reduces and (for example, 9/25) carries out image formation of 
the liquid crystal image on a base plate 81 by Light hardenability resin is arranged as a 

molding object 10 at a base plate 81, and a material is stiffened in a non-laminating. 
[0021] Below, the example of the molding object creation by this invention is explained. As 
LCD52, 800x600 pixels of TFT active-matrix mold pixel numbers, the screen size of 
26.40x1 9.98mm, the pixel size of 33x33 micrometers, etc. were used as an example. Moreover, as 
the light source 1, it is argon (Ar+) laser (the wavelength of 488nm, the linearly polarized light, 
100mW-1.5W). Optical reinforcement was set to 300mW and the exposure time was set to 2- 
10sec. The urethane acrylate system was used for the use resin of the molding object 10. 
[0022] Explanatory drawing of the light transmittance of liquid crystal is shown in drawin g 2 . 
According to this, intensity modulation understands that 70 gradation degree is available. 
Moreover, it turns out that LCD52 has the protection-from-light engine performance near 100%. 
As a Measuring condition, incidence of the light can be carried out to LCD52, and only zero- 
order luminous intensity can mainly be measured. 

[0023] Explanatory drawing about the relation between display gradation, optical reinforcement, 
and the hardening depth is shown in drawin g 3 . This drawing shows the relation between the 
display gradation (thickness of a color) of liquid crystal, optical reinforcement, and the hardening 
depth. The hardening depth is proportional to the logarithm of exposure energy mostly from the 
principle of Lambert-Beer. Therefore, it is guessed from drawing that the hardening depth is 
proportional to display gradation mostly. Some fundamental configurations were previously made 
for the check of the relation between display gradation and the hardening depth as an 
experiment. The result shown here all generates a configuration in a non-laminating process. 
[0024] Drawing of the image used for the liquid crystal mask at drawin g 4 is shown. Drawing of 
the configuration molded with each liquid crystal mask by drawin g 5 is shown. The contraction 
scales of a size differ in both drawings, because the liquid crystal image is reduced. In each 
drawing, the three-dimension measurement data of the plaid by AFM was used for the square 
from which (a) goes to the alphabet of void, (b) goes to a center, and gradation changes at equal 
intervals in the shape of the said heart, and (c). As for molding conditions, the incident light 
reinforcement of 500mW and the exposure time is 1 second, 4 seconds, and 4 seconds as an 
example, respectively. Consequently, the possibility of molding of a 2-dimensional configuration, 
molding of a three-dimensions configuration, and the configuration reload from three-dimensions 
measurement data has been checked. 

[0025] drawin g 6 — an optical ring type — displacement — explanatory drawing of the hardening 
configuration measured by non-contact [ by the sensor ] is shown, (a) shows a Hollerith type- 
like measurement result among drawing, (b) shows a slanting view and a transverse-plane profile 
for the measurement result of a rectangular-head weight configuration among drawing, in 
addition, an optical ring type — displacement — research concerning [ a sensor ] a :non-contact 
Mitsuzo form 3D shape measurement besides for example, Masahiro Takaya — refer to Japan 
Society for precision Engineering autumn convention academic lecture collected-works (1996) 
559 grade. The hardening configuration of a rectangular-head drill as especially shown in (b) 
among drawing shows that the relation between gradation and the hardening depth is well in 
agreement with the guess value shown in drawin g 3 . From these results, it has checked that the 
hardening depth was changing in proportion [ almost ] to gradation. 

[0026] Moreover, drawin g 7 is drawing (above) of other images used for the liquid crystal mask, 
and drawing (below) showing a SEM observation image. The alphabet and (b) are shown by (a) 
about a tube among drawing, respectively. In addition, the exposure time is 4 seconds here. Thus, 
it can check that three-dimension molding is made. 

[0027] Drawin g 8 is drawing showing the input image about multi-form coincidence production, 
and a SEM observation image. Two or more sort gear was molded by 1mm in gear thickness for 
exposure-time 4 seconds. In addition, manufacture time amount was about [ conventional ] 1/10. 
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[0028] As mentioned above, the configuration was made as an experiment by this invention, and 
it checked that a three-dimensions configuration could be molded freely in a non-laminating from 
the hardening depth and the relation of display gradation. Moreover, a reload and high-degree- 
of-accuracy molding of three-dimensions measurement data checked the possible thing by this 
invention. 

[0029] In addition, in this invention, by preparing the reflective section or a reflecting mirror in a 
liquid crystal panel, the incident light from the light source is reflected and it can consider as the 
Mitsuzo form equipment and a method of a reflective mold which irradiate a molding object. 
Moreover, in the gestalt of above-mentioned operation, it cannot pass over the material, the 
configuration, magnitude, etc. of spec, such as operating wavelength, and magnitude, the number 
of pixels of a liquid crystal mask, and a molding object to have given an example, but it can be 
changed and corrected suitably. 
[0030] 

[Effect of the Invention] According to this invention, the Mitsuzo form equipment and the 
Mitsuzo form method of covering from molding of the small configuration of precision 
components, the product for micro-machining or components, etc., etc. and a medium size 
configuration to molding of a micro configuration can be offered as mentioned above. 
[0031] According to this invention, intensity modulation of an exposure image can be made easy 
by controlling the molding depth by liquid crystal display gradation. According to this invention, 
molding in the non-laminating by field exposure is realizable at high molding flexibility, high 
degree of accuracy, and a high speed using a liquid crystal mask and the light. 
[0032] According to this invention, the Mitsuzo form equipment suitable for limited production 
with a wide variety and the Mitsuzo form method can be offered by making creation of molding 
data easy and enabling creation of two or more components of a different configuration at 
coincidence. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] The block diagram of the Mitsuzo form equipment of this invention. 
[ Drawin g 2] Explanatory drawing of the light transmittance of liquid crystal. 
[ Drawin g 3] Explanatory drawing about the relation between display gradation, optical 
reinforcement, and the hardening depth. 

[ Drawin g 4] Drawing of the image used for the liquid crystal mask. 

[ Drawin g 5] Drawing of the configuration molded with each liquid crystal mask. 

[ Drawin g 6] Explanatory drawing of the hardening configuration measured by non-contact [ by 

the optical ring type displacement sensor ]. 

[ Drawin g 7] Drawing showing a SEM observation image the drawing top of other images used for 
the liquid crystal mask. 

[ Drawin g 8] Drawing showing the input image about multi-form coincidence production, and a 
SEM observation image. 
[Description of Notations] 

1 Light Source 

2 Collimator Section 

3 Quarter-wave Length Board 

4 1/2 Wavelength Plate 

5 Liquid Crystal Mask Section 

6 Lens 

7 Pinhole 

8 X-Z Stage 

9 Control Section (PC) 

10 Molding Object 
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DRAWINGS 



[ Drawin g 1] 




[ Drawin g 2] 
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[ Drawin g 3] 
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[ Drawin g 4] 
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[ Drawin g 5] 
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[ Drawin g 7] 
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